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doi:10.1016/j.jtcvs.2006.10.016bjective: Midterm follow-up is analyzed after the aortic translocation (Nikaidoh)
rocedure, an alternative to the Rastelli procedure for ventriculoarterial discordance,
entricular septal defect, and pulmonary stenosis.
ethods: Nineteen patients underwent a Nikaidoh procedure at a median age of 3.3
ears (0.9-9.3 years). The native aortic valve was translocated from the right to the
eft ventricular outflow tract by full (n  6) or partial (n  13) mobilization of the
ortic root. Seven patients with partial mobilization had the right coronary artery
eimplanted as a button. The conal septum was divided in 13 patients. The right
entricular outflow tract was reconstructed with either a homograft (n 4) or a right
entricular outflow tract patch (n  15). The median follow-up was 11.4 years
0.1-23 years), and the median age at follow-up was 17.4 years (1-30 years). Left
entricular outflow tract obstruction and aortic insufficiency were assessed by
chocardiography.
esults: One patient died of right coronary arterial ischemia. All remaining patients
95%) survived. The median survival was 13.6 years (longest, 23.0 years). Seven
ight ventricular outflow tract reoperations were required in 5 patients (6 with
bstruction and 1 with pulmonary insufficiency). No reoperations have been per-
ormed on the left ventricular outflow tract or aortic valve. No patient had any left
entricular outflow tract obstruction or aortic insufficiency more than mild (mild in
patients, trivial in 3 patients, and absent in 6 patients).
onclusions: Midterm actuarial survival was 95% after the Nikaidoh procedure.
eintervention for the right ventricular outflow tract is more common when valved
onduits are used versus valveless reconstruction; however, the Nikaidoh procedure
rovides complete freedom from important aortic insufficiency and left ventricular
utflow tract obstruction.
anagement of d-transposition of the great arteries (d-TGA), ventricular
septal defect (VSD), and pulmonary stenosis (PS) remains a challenge.
The arterial switch is contraindicated when PS would be converted to
ignificant aortic stenosis. Late surgical outcomes of the Rastelli procedure1-3 have
een notable for continuing late mortality. In particular, the development of left
entricular outflow tract (LVOT) obstruction caused by the natural tendency of
SDs to close over time, as well as the inability of the artificial material used to
onstruct the LVOT tunnel to grow, remains a significant cause of morbidity and
ortality.4,5 Kreutzer and colleagues5 suggest that left ventricular dysfunction pla
n important role in the disappointing results after the Rastelli operation. The
dditional limitations of pulmonary homograft reconstruction of the right ventricular
utflow tract (RVOT) are well known.
As a result, a search for modifications of and alternatives to the Rastelli
rocedure has led to a variety of options to manage the LVOT (Table 1). 
nd colleagues4 emphasize the importance of VSD enlargement when perform-
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Dng the Rastelli procedure. Rubay and colleagues6 pro-
osed the réparation á l’étage ventriculaire (REV) pro-
edure, a modification of the Rastelli procedure that
mphasizes the importance of conal resection. We pro-
osed aortic translocation7 after a patient undergoing t
astelli procedure died with biventricular outflow tract
bstruction. We were motivated by the complete RVOT
obilization described by Kreutzer and colleagues’8 for
se as a right atrial to pulmonary artery conduit in
ricuspid atresia, as well as reports of the Ross procedure
or LVOT replacement.9
Several options are also available to manage the
VOT (Table 1), as described by their original auth
otwithstanding these original descriptions, one is free to
se each RVOT method independently of the method
sed to reconstruct the LVOT on the basis of the option
ith the best outcome. RVOT options include valved
raft reconstruction as described by Rastelli and col-
eagues,2,10 or valveless autologous reconstruction as d-
cribed by Nikaidoh7 or Lecompte and colleagues.11
The purpose of this report is to present the midterm
esults of the aortic translocation (Nikaidoh) procedure. We
lso discuss our results along with published outcomes of
he Rastelli and REV procedures.
aterials and Methods
nstitutional review board approval was obtained for retrospective
hart review and patient follow-up. Nineteen consecutive patients
12 males) underwent the Nikaidoh procedure between 1983 and
006 and represent our entire experience (4 procedures were
erformed by other surgeons at 2 other centers and were attended
y Dr Nikaidoh). In that same period, 8 patients with d-TGA,
SD, and PS were managed with procedures other than the Ni-
aidoh procedure at this institution. Five arterial switches were
erformed when the pulmonary annulus was large enough to be
anaged with commissurotomy (n  3) or resection of membra-
ous subvalvar pulmonary stenoses (n  2). Two Rastelli proce-
ures were performed when major coronaries crossed the RVOT
nd precluded safe aortic root mobilization. One patient with a
ingle coronary artery and noncommitted VSD underwent a Fon-
an procedure.
In patients managed with the Nikaidoh procedure, 18 patients
ad d-TGA, VSD, and PS, and 1 patient had double outlet right
Abbreviations and Acronyms
d-TGA d-transposition of the great arteries
ECMO extracorporeal membrane oxygenation
LVOT  left ventricular outflow tract
PS  pulmonary stenosis
REV  réparation á l’étage ventriculaire
RVOT  right ventricular outflow tract
VSD  ventricular septal defectentricle, subpulmonary VSD, and PS. A conal septum was (
62 The Journal of Thoracic and Cardiovascular Surgery ● Febrresent in 13 of 19 patients. Preoperative palliation included atrial
eptostomies and systemic to pulmonary artery shunts. Fourteen
alloon atrial septostomies were performed at a median patient age
f 2 days. Two patients required no septostomy because their
ative atrial septal defects were sufficient. The use of septostomy
ould not be determined in 3 patients. Sixteen of 19 patients had
ystemic to pulmonary artery shunts (7 classic Blalock–Taussig, 8
odified Blalock–Taussig, and 1 central). Three patients required
dditional shunts.
The median age at the Nikaidoh procedure was 3.3 years (range
.9-9.3 years, mean 4.2  2.4). The mean weight and height were
6.1  6.4 kg (range 9.8-35 kg) and 99  15.7 cm (range 75-126
m), respectively. The mean cardiopulmonary bypass and aortic
rossclamp times were 246  95 minutes and 105  56 minutes,
espectively. Two patients required brief circulatory arrest (14 and
minutes).
The technical evolution of the Nikaidoh procedure is described
n Figure 1. Over time, 2 aortic root mobilization methods 
sed. Six patients had complete mobilization of their aortic root
nd both proximal coronary arteries. Thirteen patients had partial
obilization of their aortic root, leaving a pedicle of myocardium
nder the left main coronary artery, in theory to decrease the risk
f bleeding at a point where 3 major suture lines converge (the
ortic root anastomosis, VSD patch, and RVOT patch, Figu
anel 6). In all patients, the stenotic pulmonary annulus was
ivided anteriorly. If a conal septum was present, it too was
ivided completely (Figure 1, Panel 1B). The LVOT was reco
tructed by anastomosing the aortic root to the opened pulmonary
nnulus posteriorly (Figure 1, Panel 2A). In 13 patients, the an
ior aortic root (Figure 1, Panel 2B) was anastomosed to the VS
atches of various types (6 polytetrafluoroethylene [Gore-Tex, WL
ore and Associates Inc, Newark, Del], 3 Dacron, 4 bovine
ericardium). In 6 patients, the VSD was closed using the original
ight ventricular free wall under the aortic root without a patch.
he RVOT was reconstructed with a pulmonary homograft by
nchoring the medial wall of the distal main pulmonary artery to
he ascending aorta in 4 patients (Figure 1, Panel 6) and overlaying
patch of pericardium to reconstruct the RVOT in 15 patients
ABLE 1. Options for managing the left and right ventric-
lar outflow tracts in d-transposition of the great arteries,
entricular septal defect, and pulmonary stenosis
LVOT management options
VSD closure with intraventricular tunnel (Rastelli)1,2,10,25
VSD closure with intraventricular tunnel, resection of conal
septum (Borromee)15
Aortic translocation, division of pulmonary annulus and conal
septum (Nikaidoh)7
RVOT management options
RV-PA valved conduit/homograft (Rastelli)1,2,10,25
REV direct RV-PA connection (Borromee15; Sakata)26
Modified REV with aortic tube autograft (Metras)27
Pericardial hemipatch (Nikaidoh)7
VOT, Left ventricular outflow tract; VSD, ventricular septal defect; RVOT,
ight ventricular outflow tract; RV-PA, right ventricular-pulmonary artery;
EV, réparation á l’étage ventriculaire.Figure 1, Panel 7).
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DFollow-up continued for a median of 13.6 years (range 0.1-23
ears). The latest follow-up echocardiograms were available in 17
f 18 survivors. Measurements were made with an off-line digi-
izing system (TomTec Integrated Cardiac Analysis, Broomfield,
olo). The LVOT, RVOT, and ventricular function were assessed.
eft ventricular end-diastolic diameter z scores were obtained on
he basis of commercially available data (VMI Medical Inc, Ot-
awa, Ontario, Canada). The severity of aortic regurgitation was
ssessed as previously described.12 The severity of other valvul
egurgitation was graded according to guidelines published by the
merican Society of Echocardiography.13 A qualitative assessment o
he right ventricle in comparison with the left ventricle in multiple
iews, in addition to measurement of the right ventricle in the short-
xis view, was used to assess the presence of right ventricular
ilation.14
tatistical Methods
eans are reported as mean  standard deviation. Time-related
reedoms from death and LVOT or RVOT reintervention were
btained using the Kaplan–Meier method. Time zero was either
he date of birth or the date of the Nikaidoh procedure. The
utcomes assessed were death, RVOT reintervention, and LVOT
eintervention. Patients who had not reached a defined end point at
ast follow-up were censored. The survival estimates were plotted
ver time with 95% confidence intervals.
esults
urvival and Reoperation
ne patient died after weaning from extracorporeal membrane
xygenation (ECMO) 7 days postoperatively, probably of un-
ecognized right coronary artery insufficiency. All other pa-
ients are surviving with a mean age of 15.6 years (median 17.4
ears, maximum 30 years) and a mean survival after the
ikaidoh procedure of 11.4 years (median 13.6 years, max-
mum 23 years). Actuarial survival from surgery after the
ikaidoh procedure is shown in Figure 2, A.
Three patients required ECMO after surgery. Two sur-
ived after weaning from ECMO in 3 days. Three patients
equired early reoperations: (1) a bleeding aortic suture line
equired revision on cardiopulmonary bypass; (2) kinking in
right coronary artery required reimplantation along with
eft pulmonary arterioplasty and ECMO; and (3) a chylo-
horax required thoracic duct ligation. All patients survived
arly reoperation.
Six patients required late reoperation. One patient re-
uired mitral valve repair for endocarditis 1.6 years after the
ikaidoh procedure and is now 20.5 years old. The remain-
ng 5 patients underwent reoperation primarily to address
he RVOT. Two patients required 2 homograft replace-
ents: 1 patient underwent reoperation 1.5 and 11.4 years
fter the Nikaidoh procedure and is now 17.4 years old, and
patient underwent reoperation 6.4 and 11.3 years after the
ikaidoh procedure (along with right atrial reduction,
ryoablation, and pacemaker placement for atrial flutter)
nd is now 16.3 years old and in sinus rhythm. One patient s
The Journal of Thoracicequired 1 homograft replacement 10.5 years after the Ni-
aidoh procedure (along with tricuspid annuloplasty and
aze procedure) and is now 16.5 years old. One patient
equired 1 homograft replacement 11.8 years after the Ni-
aidoh procedure and is now 22.1 years old. Finally, 1
atient required pulmonary valve placement 2.1 years after
he Nikaidoh procedure (with an RVOT patch) and is now
.7 years old.
ysrhythmias
trial flutter developed acutely in 2 patients and 7 years
ostoperatively in 1 patient. Only 1 of these patients had right
oronary ischemia requiring coronary transfer. Two patients
nderwent Maze procedures. All 18 survivors were in sinus
hythm at the time of their last follow-up. One patient had
oderate tricuspid regurgitation; the remainder were trivial or
ild. No patient with a history of atrial flutter had significant
ricuspid regurgitation. Pulmonary insufficiency was present in
5 of 16 patients, although 2 cases of atrial flutter had no
egurgitation. Right ventricular dilation was present in 12 of 16
atients; 1 patient with atrial flutter had no dilation. One of
hese patients required a pacemaker placement for short-lived
ick sinus syndrome with junctional bradycardia after the Maze
rocedure. The incidence of atrial flutter in this cohort seems
igher than we would have predicted.
ight Ventricular Outflow Tract Performance
mmediate RVOT performance varied by repair method. Four
omografts functioned well immediately, but as expected, 2 of
homografts eventually required 1 or more replacements. In
ontrast when the RVOT was reconstructed with a patch, 53%
f patients (8/15) required intraoperative revision, but 80% of
hese patients (12/15) have not required further RVOT reinter-
ention to date. Twenty percent of patients (3/15) have under-
one reoperation primarily for pulmonary insufficiency. One
atient required homograft insertion for pulmonary insuffi-
iency, a second homograft and the Maze procedure for atrial
utter, and a pacemaker placement for sick sinus syndrome.
his patient is now in sinus rhythm and has good ventricular
unction. A second patient required a homograft and left pul-
onary arterioplasty with residual VSD closure and a second
omograft with a takedown of the Glenn shunt. A third patient
nderwent pulmonary valve insertion and pulmonary arterio-
lasty for mixed PS and insufficiency.
Actuarial freedom from RVOT intervention (Figure 2B)
hows that of 18 survivors, 5 have required RVOT reinter-
ention, for a 64% freedom of reintervention at 15 years.
chocardiography in 17 patients showed that right ventric-
lar dilation, RVOT obstruction or regurgitation, and tri-
uspid regurgitation were identical to findings commonly
een in patients undergoing RVOT surgery. Seventy-three
ercent of patients had RVOT regurgitation (moderate or
evere in 60%, mild in 13%, and none in 27%). The systolic
and Cardiovascular Surgery ● Volume 133, Number 2 463
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DFigure 1. Surgical methods used in aortic translocation cohort.* Panel 1A, We used 2 methods to mobilize the
aortic root. In the first, the anteriorly located aortic root is fully mobilized (our currently preferred method)
underneath the valve, and both coronaries are skeletonized. Six patients had full mobilization.7 Panel 1B, All
patients underwent division of pulmonary annulus and conal septum (when present). Pulmonary-mitral continuity
is demonstrated.7 Panel 2A, Anastomosis of aorta to open pulmonary annulus after posterior translocation. VSD
64 The Journal of Thoracic and Cardiovascular Surgery ● February 2007
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Dradient across the RVOT was less than 30 mm Hg in 80%
f the patients.
oronary Arteries
oronary artery performance also varied by subgroup. Six
atients with full aortic root mobilization required no cor-
nary arterial transfer. In contrast, of the 13 patients with
artial aortic root mobilization, 7 required right coronary
rterial transfer. Four operations were performed primarily,
nd the outcome was good. Three operations were per-
ormed when right coronary arterial insufficiency became
vident after cardiopulmonary bypass. Two of these patients
ho underwent delayed transfer required ECMO. The left
ain coronary artery was not transferred in any patient. The
patient who died (after a period of ECMO support) had
ot undergone coronary arterial transfer and probably died
f unrecognized right coronary artery insufficiency.
eft Ventricular Outflow Tract Performance
o patient required reoperation on the LVOT (Figure 2B).
eventeen of 18 survivors were restudied with echocardiogra-
hy. The LVOT was unobstructed with generally well-pre-
erved systolic function (mean shortening fraction was 34%
.7%). No patient had more than mild aortic insufficiency,
anging from none in 6 patients, to trace in 3 patients, and to
ild in 8 patients. The material used to close the VSD exerted
o effect on LVOT performance. The aortic annulus was
patch will be anastomosed to apical rim of VSD.7 Pa
anterior rim of mobilized aortic root.7 Panel 3, In t
mobilization of the aortic root was used in the early p
left main coronary artery to decrease the risk of blee
patients had partial mobilization of the aortic root. Pan
pulmonary annulus is usually small, aortic translocatio
4B, Fully mobilized roots can shift directly posteriorly w
coronary arteries. Panel 4C, Partially mobilized roots r
left main coronary artery. This rotation preserves left m
right coronary arterial alignment. Panel 5, Because of th
partial mobilization and rotation of the root as shown in
in a subset of patients with partially mobilized aortic
anchoring the right lateral wall of the main pulmon
pericardium to cover the aortic root, right ventriculotom
an attempt to minimize bleeding risk under the left mai
the root anastomosis, VSD patch, and RVOT patch. In
discontinued the pedicled approach for the reasons dis
with a homografts in 4 patients. Panel 7, Large perica
taken to avoid obstruction of the RVOT. A flat patch is r
and from anterior to posterior (to reach the distal main
revision for obstruction. With careful attention to patch
an incision in the left pulmonary artery (not shown), th
*Panels 1A, 1B, 2A, and 2B were reprinted from Nikai
reconstruction. A new surgical repair for transpositio
defect and pulmonary stenosis. J Thorac Cardiovasc
Association for Thoracic Surgery.
The Journal of Thoracicilated in the majority of patients (63%), but there were no
igns of aortic valve distortion or significant regurgitation.
iscussion
urvival
n recognition of the differences in indication, era, patient
election, and reporting, we have summarized the results
Table 2) and actuarial survival (Figure 3) for the seri
atients who underwent the Rastelli4,5 (W. G. Williams
ersonal communication, 2006), REV,3,11,15-19 and Ni-
aidoh20,21 procedures.
Rastelli procedure. In the 3 largest series, 20-year sur-
ival after the Rastelli procedure ranges between 50% and
0%, including Kreutzer and colleagues’5 report from Bos-
on. Dearani and colleagues’4 series from the Mayo Clinic
ncluded, although actuarial analysis excluded operative
eaths. Of 231 Rastelli procedures, 71 patients died and 160
arly survivors were analyzed. Had operative deaths been
ncluded, the Rastelli survival would have been further
iminished. Unpublished Rastelli outcomes were also pro-
ided by W. G. Williams from Toronto (personal commu-
ication, 2006). The similarities in late mortality from 3
xperienced centers argues that the Rastelli procedure may not
e the ideal approach for d-TGA, VSD, and PS.
Réparation á l’étage ventriculaire procedure. Midterm
esults for similar periods of follow-up after the REV pro-
B, Anastomosis of superior portion of VSD patch to
econd method of mobilizing the aortic root, partial
ts. A pedicle of myocardium was left intact under the
where suture lines converge (see Panel 6). Thirteen
, In this cross-section of the heart, because the native
es not really move the aorta that far posteriorly. Panel
ut rotation and, we suspect, with less distortion of the
e rotation of the aortic root around the pedicle of the
coronary artery alignment, probably at the expense of
proportionate tension on the right coronary artery with
el 4C, the right coronary artery required reimplantation
ts (7/13 patients). Panel 6, RVOT is reconstructed by
artery to the aortic root and overlaying a patch of
d main pulmonary artery. The pedicled approach was
ronary artery where 3 major suture lines converge, ie,
ice, bleeding was never an issue here, and we have
ed in the text. The RVOT has also been reconstructed
patch is used to reconstruct the RVOT. Care must be
ed to curve longitudinally (along the axis of the aorta)
onary artery). Several patches required intraoperative
guration, and placement of the corner of the patch into
fficulty has been avoided in our most recent patients.
. Aortic translocation and biventricular outflow tract
the great arteries associated with ventricular septal
. 1984;88:365-72, with permission from The Americannel 2
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Dedure have not been formally published; however, in a
etter to the editor, Lecompte3 reported an operative mo-
ality of 15% (21/139 patients) and an actuarial survival of
9% (7 late deaths, 1 noncardiac death) at 15 years. The
auses of ongoing mortality were not delineated; however,
his longitudinal mortality is concerning. Others have pub-
ished excellent operative mortalities with the REV proce-
ure as well, but reported follow-up remains brief.
Nikaidoh procedure. No investigator has reported late
eaths or LVOT reintervention after the Nikaidoh proce-
ure.7,20 In our series we have had 1 operative death an
igure 2. Actuarial analyses after the Nikaidoh procedure. A,
reedom from death. One of 19 patients died in the cohort, for an
ctuarial freedom from death of 95%. No late deaths have oc-
urred. B, Freedom from LVOT and RVOT reintervention. RVOT
einterventions have been required at rates similar to other pro-
edures using valved conduits or valveless methods to recon-
truct the RVOT and are currently 64% free of reintervention. The
ikaidoh procedure has been 100% free of reintervention on the
VOT. LVOT, Left ventricular outflow tract; RVOT, right ventricular
utflow tract.ate deaths. Morell and colleagues20 report 1 of 12 operative (
66 The Journal of Thoracic and Cardiovascular Surgery ● Febro
eaths and no late deaths. Although the Nikaidoh proce-
ure has been criticized for its technical danger,22 mid-
erm follow-up indicates that the Nikaidoh procedure is
roving to be the safest option over the life of a patient.
lthough we agree it is a more technically challenging
rocedure, aortic translocation seems warranted in view
f its superior long-term outcomes. We believe that mor-
idity can be minimized by lessons we have learned.
ight Ventricular Outflow Tract Considerations
f patients receiving homograft reconstruction of the
VOT, half are undergoing the expected, repeated opera-
ions for RVOT obstruction and homograft replacement.
Patched reconstructions of the RVOT required intraop-
rative revision in 53% of the patients. We believe that the
ifficulty is in forcing a flat pericardial patch to assume a
omplex configuration that must curve not only around the
ong axis of the aorta but also from front to back to reach
rom the anterior ventriculotomy to the posterior main pul-
onary artery. In addition, posterior movement of the as-
ending aorta and the forward movement of the pulmonary
onfluence can compromise the right pulmonary artery. In
onger follow-up, however, the patches have remained rel-
tively free of reintervention. The Lecompte maneuver has
een reported by Morell and colleagues20 with excellent
esults. Although we have no experience with this option,
are must be exercised to avoid disturbing the aortic sino-
ubular junction when transecting the aorta.
In midterm follow-up, the design of the Nikaidoh pro-
edure does nothing to improve on outcomes using valved
ulmonary conduits (conduit stenosis, insufficiency, and
igh reoperation rate) or on those using valveless RVOT
econstruction methods. With respect to valveless methods
s ours, the REV as described by Rubay and colleague6 or
he tube autograft described by Metras and Kreitmann,16 all
emonstrate a low incidence of reintervention in the mid-
erm; however, it seems likely that pulmonary valve im-
lantations will ultimately be necessary, much the same as
hey are in other cases of free pulmonary insufficiency. The
ssue of whether valved conduits with their early reopera-
ions, or valveless techniques with free pulmonary insuffi-
iency but a lower incidence of early reoperation, will
rovide better longitudinal outcomes has yet to be an-
wered. We believe that valveless options are outperform-
ng valved conduits in the midterm.
oronaries
n aortic translocation, we now transfer coronaries selec-
ively when tension is apparent and preferably before wean-
ng cardiopulmonary bypass. Coronary artery tension is
irectly related to the diameter of the pulmonary annulus;
hat diameter is the distance the aortic root must be moved
Figure 1, Panel 4A).7
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CH
DIn our original description, the aortic root was completely
obilized (Figure 1, Panels 1 and 4B). Later, to minimize 
heoretic risk of bleeding at confluent suture lines, we began
artially mobilizing the aortic root and preserving a pedicle of
yocardium under the left main coronary artery (Figur
anels 3, 4C, 5, and 6). In this review, we discovered that the
nly cases that required coronary artery transfer were a subset
f patients in whom aortic roots were partially mobilized.
artial mobilization necessitates rotation of the aortic root
round the left main coronary artery, preserving its alignment
t the expense of right coronary arterial tension (Figu
anel 4C). Fully mobilized roots can shift directly posteriorly
ithout rotation and, we suspect, with less distortion (Figu
anel 4B). No patient with full mobilization required coronary
rterial transfer. We believe we may have avoided right coro-
ary artery kinking by continuing to use full aortic root mobi-
ization, which is our currently preferred technique. We con-
inue to transfer any coronary artery that manifests evidence of
ension or when right ventricular function seems abnormal
ion á l’étage ventriculaire, and Nikaidoh procedures
ean age
t surgery
(y)
Youngest
patient (y)
No. of
patients
No. of
operative
survivors
Operative
survival
Midterm
survival
(raw)
4.2 0.9 19 18 95% 95%
— 0.4 11 11 92% 92%
— 0.25 4 4 100% 100%
— 0.3 101 94 93% 76%
9.7 1.0 231 160 69% 46%
— 0.2 80 70 95% 71%
3.3 — 10 10 100% 100%
8.1 — 22 20 91% 86%
— 0.3 13 9 69% —
3.5 0.3 50 41 82% 80%
3.1 — 139 118 85% 80%
2.4 0.2 19 19 100% 100%
2.0 — 25 24 96% 96%
3.3 — 40 35 88% 85%
— 0.3 42 39 93% 93%
, left ventricular outflow tract obstruction; AI, aortic insufficiency; REV,
these studies. Among each are differences in centers, eras, diagnoses,
ave included all results; others have overlapping, noninclusive cohorts.
e listed where available. For complete information, the reader is referred
o operative Rastelli deaths have occurred in the last 7 years, which is
OT intervention may be higher because some of the patients treated with
s provided. *Mean midterm follow-up is actually reported as a median in
excluded from their actuarial survival analysis. Operative mortality by era
etre and colleagues’ 27 study, survival was 92% at 5 years, but actuarial
l was 89% for the last 36 patients in the series.igure 3. Summary of longitudinal follow-up of Nikaidoh, 20 Rastelli
W. G. Williams, MD, personal communication, 2006), 4,5 and REV
rocedures.3 Survival after the Rastelli procedure has been strik -
ngly similar (50%-60%) at 3 experienced centers. Reports on the
idterm follow-up (>10 years) on the Lecompte procedure have
een limited, reported as 79% at 15 years. The Nikaidoh procedure
as been free of late mortality in this and Morell and colleagues’
eries.28 (Note the Y-axis ranges from 50% to 100% freedom fromABLE 2. Summary of reported results for the Rastelli, réparat
rocedure Author
Starting
year
Finishing
year
Median
age at
surgery (y)
M
a
ikaidoh Yeh 1983 2006 3.3
Morell et al20 1996 2004 2.0 
del Nido21 — 1998 2.3 
astelli Kreutzer et al5 1973 1998 3.1 
Dearani et al4 1968 2000 8.0 
W. G. Williams, MD
(personal
communication,
2006)
— — 5.4
Lee et al17 1990 2002 — 
Vouhe et al18 1980 1990 — 
EV Lecompte et al11 1980 1981 — 
Borromee et al15 1980 1985 — 
Lecompte3 1980 — — 
Metras and
Kreitmann16
1993 — —
Lee et al17 1990 2002 — 
Vouhe et al18 1980 1990 — 
Pretre et al19 1986 1999 1.3 
M, Kaplan-Meier, RVOTO, right ventricular outflow tract obstruction; LVOTO
éparation á l’étage ventriculaire. Caution is required in direct comparison of
urgical procedure, patient selection, and duration of follow-up. Some series h
ctuarial analyses of survival and freedom from LVOT or RVOT reintervention ar
o the original study. Of particular note, in Kreutzer and colleagues’ 5 study, n
uggestive of an era effect. In this patient-based analysis, raw freedom from RV
urgery and catheter intervention may have overlapped, but actuarial analysis i
his series. In Dearani and colleagues’4 Rastelli series, operative mortality was 
as as follows: 1968-1977, 24.4%; 1977-1988, not provided; 1988-1997, 5%. In Prfter weaning from cardiopulmonary bypass.
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4
CH
DMorell and colleagues20 routinely transfer both corona-
es in aortic translocation. This may eliminate some of the
oronary arterial insufficiency we have noted; however,
ven in midterm follow-up of the arterial switch, abnormal-
ties in coronary arterial flow have been reported.23,24 Cor-
nary ostial stenosis remains a concern, and for this and the
easons discussed next, we have not routinely transferred
oronaries.
eft Ventricular Outflow Tract Considerations
fter the Rastelli procedure, Kreutzer and colleagues5 reported
n 84% freedom from LVOT reintervention at 15 years. In
ontrast, Dearani and colleagues4 note a 99% freedom fro
VOT reintervention in survivors and attributes this to their
ow threshold for anterosuperior VSD enlargement and conal
eptal resection, but the actuarial survival in the series is 59%
t 20 years, despite excluding a significant operative mortality.
o comment is made on the presence of LVOT obstruction in
he patients who died.4 The REV procedure seems to hav
ow incidence of LVOT obstruction (Metras and Kreitma16
eport 1 case of LVOT obstruction in 19 cases, and Lecom3,17
eports 2 cases of LVOT obstruction in 111 survivors of the
EV operation), but the operative and actuarial mortalities
ave been higher than those we observed with the Nikaidoh
rocedure.3 In addition to stable actuarial survival in midt
ollow-up, the striking finding after aortic translocation has
een the freedom from LVOT reintervention, with no patient
ABLE 2. Continued
Mean
midterm
follow-up (y)
Absence of
LVOTO
(raw)
Absence of
RVOTO
(raw)
Absence of
significant
AI (>mild)
Freedom fro
death (KM,
11.4 100% 72% 100% 94%
2.8 100% 75% 73% —
— — — 75% —
8.5* 88% 23% — 52%
11.9 — 59% — 59%
9.4 — — — 59%
5.9 60% 20% — —
4.6 — 75% — 83%
— — — — —
1.7 100% 80% — —
7.6* 98% — — 79%
4.0 95% 95% — —
5.9 96% 79% — —
4.6 100% 91% — 84%
5.4 100% 72% — —aving more than mild aortic insufficiency in midterm follow- p
68 The Journal of Thoracic and Cardiovascular Surgery ● Febrp. Transection of the conal septum completely relieves any
VOT obstruction, which is an integral part of the procedure.
Morell and colleagues20 identified 3 cases of modera
ortic insufficiency in 11 patients who underwent operations
t 6 months, 10 months, and 2 years. In a personal commu-
ication (2006), Morell relayed that the development of
nsufficiency was delayed in onset. del Nido21 also reported
case of moderate aortic insufficiency in an abstract. Al-
hough the aortic valves in our cohort are generally func-
ioning well, we are circumspect about the potential for
ortic insufficiency. In considering this issue, there are
everal technical differences between our approaches. We
electively reimplant only right coronaries, have not had to
mplant left coronaries, do not divide the ascending aorta,
o not perform a Lecompte maneuver, and operate on
lightly older patients. Morell harvests a free autograft
transecting the aorta and detaching the coronaries as but-
ons), reimplants the autograft by rotating 180 degrees,
ttempts to reimplant into the existing coronary ostia, per-
orms a LeCompte maneuver, and reconstructs the RVOT
ith a direct right ventricle to pulmonary arterial connec-
ion. He has also decreased the lower age limit to 5 months.
el Nido’s21 aortic root autograft technique also includes
xtensive alteration of the native aortic root. These maneu-
ers may be more likely to disturb the aortic sinotubular
unction or geometry of the aortic annulus. Finally, the
ollow-up
(KM, y)
Freedom from
LVOTO (KM, y)
LVOT
follow-up
(KM, y)
Freedom from
RVOTO (KM, y)
RVOT
follow-up
(KM, y)
20 100% 15.0 64% 15.0
— — — — —
— — — — —
20 84% 15.0 22% 15.0
20 — — 27% 20.0
20 — — — —
— — — — —
5 95% — 70% 7.0
— — — — —
— — — — —
15 — — — —
— — — — —
— — — — —
5 — — 90% 7.0
— 100% 10 51% 10m
y)
Flasticity of the younger aortic valve may make it more
uary 2007
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CH
Drone to distortion in younger patients. Although these
heories are conjecture, the importance of preserving aortic
alve function will be critical because freedom from LVOT
eintervention seems to be the major strength of the Ni-
aidoh procedure.
onclusions
ur current recommendations are complete mobilization of
he aortic root to minimize the need for coronary arterial
ransfer, coronary arterial transfer only when there is evi-
ence of tension, and reconstruction of the RVOT with a
alveless patch, taking special care as outlined above to
void patch obstruction.
RVOT performance after the Nikaidoh procedure is sim-
lar to other procedures using valved conduits or valveless
ethods and does not explain the improved survival in the
anagement of d-TGA, VSD, and PS.
LVOT performance has been excellent, and in midterm
ollow-up, we see no evidence of LVOT obstruction or
mportant aortic insufficiency after the Nikaidoh procedure.
e speculate that this may translate into better left ventricle
erformance and thus better actuarial survival.
Ongoing referrals and excellent midterm follow-up were
rovided by several cardiologists involved in the ongoing
are of these challenging patients. To these physicians, Ted
arlson, MD, David Fixler, MD, Ernest Kiel, MD, Pennock
aird Sr, MD, Edgar Newfeld, MD, John Pliska, MD,
eborah A. Schutte, MD, Thomas Weigel, MD, Damaris
right, MD, we are deeply grateful. The authors are in-
ebted to Osman Al Radi, MD, for his assistance in statis-
ical analysis.
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